Summary Two reliable methods are described for identifying infection of laboratory rats with the nematode Trichosomoides crassicauda. The first is a rapid method where cryostat sections of the rat urinary bladder are stained with acridine orange and viewed under a fluorescence microscope. The second involves the stabilization of the bladder surface prior to examination using scanning electron microscopy (SEM).
urinary bladder of rats, first described by Bellingham (1840) , is a nonpathogenic hair-like worm which has been reported in laboratory and wild rats (Zubaidy & Majeed, 1981) . The eggs are passed with the urine and ingested by the next host where they hatch in the stomach. The larvae migrate freely to the lungs, through the blood stream to the kidneys and pass down the ureter to lodge in the bladder (Wahl & Chapman, 1967) . The male worm resides within the female worm's genital tract while the larger female worm burrows into the bladder mucosa, leaving her posterior end extending into the lumen.
The diagnostic methods in current use for T. crassicauda are inadequate.
For example, diagnosis using a dissecting microscope is difficult, as these parasites are not visible to the naked eye unless separated from the bladder and suspended in a clear solution. Even in heavily infected bladders it may be difficult to confirm worm infestation using paraffin wax sections, unless care is taken to prevent the loss of worms during fixation and embedding (Chapman, 1964) . The preferred method has been urinalysis, but this is not always reliable as the ova are expelled irregularly and then only by mature worms. This present study describes two reliable methods of identifying T. crassicauda in laboratory rats.
Materials and methods

Animals
Three groups of 10 adult Dark Agouti rats of both sexes (3 months old), weighing 180-250 g, were randomly selected from a 2 year old inbred experimental colony, known to be infected with 
Urinalysis for ova
All urine samples were collected at the same time each day. Rats were held overnight in individual metabolism cages (of local design) and given access to 20/0 glucose in 0,09% saline to aid diuresis. The presence of eggs in each 18 h urine sample was ascertained using a millipore filtration technique previously described (Weisbroth & Scher, 1971) . Briefly, this involves using a syringe to force the urine through a 22 mm prefilter. The eggs, which are too large to pass through the filter, are trapped on the surface. The filter pad is then mounted on a glass slide and examined microscopically using the x 4 objective. Ten animals were screened for ova on 5 consecutive days.
Processing for fluorescence microscopy
Three representative cross-sectional slices of 10 urinary bladders were frozen in OCT compound embedding medium at -20°C. Frozen sections 4",m thick, were cut on an Ames cryostat, fixed for 2 min in ether and ethanol (50: 50) then stained for I min in the fluorescein dye, acridine orange, buffered at pH 4. The sections were examined using a Polyvar Reichert-Jung fluorescence microscope.
Processing for scanning electron microscopy
The mucosa of bladders from the third group of 10 animals was stabilized as previously described (Cornish, Vanderwee & Miller, 1987) . In brief, rabbit anti-rat bladder mucus antiserum was incubated on fresh pinned out bladders prior to fixation. The tissue was placed in 2' 50/0 phosphate buffered glutaraldehyde (pH 7 '4) for 16 h, washed in 0'1 M phosphate buffer and 163 dehydrated in increasing concentrations of tertiary butanol. Special care was taken in changing solutions to minimize fluid shear which might disrupt the mucous layer. Specimens were snap frozen in liquid Freon-12 precooled with liquid nitrogen, then immersed in liquid nitrogen until fully quenched, and placed on a brass block precooled to -195°C. All specimens were then freeze dried at -60°C for 16-24 h in an Edwards-Pearse EPO 2 tissue drier (Edwards High Vacuum Ltd, Manor Royal, Sussex, UK) using phosphorus pentoxide as a vapour trap. The dried tissue specimens, mounted on aluminium stubs with copper conducting paint, were coated with carbon then gold by vacuum evaporation. The samples were examined in an lSI OS-130 research SEM fitted with a Robinson back-scattered electron detector. The accelerating voltage used was normally 30 kV.
Results
Urinalysis
Ten infected rats were examined daily for the presence of ova in the urine. Egg counts showed that on some days, no ova were expelled by the female worms and, on an average, 25% of the urine samples examined on anyone day had no ova. There was also variability in the number of eggs expelled: for example, on one day, the number of eggs found in the urine samples of the infected rats ranged from 0 to 98.
Fluorescence microscopy
Examination of three frozen sections from each bladder wall, stained with acridine orange, revealed that the worms contrasted metachromatically brilliant orange-red against a negative green background. Female worms were frequently filled with immature eggs and embryonated larvae and often contained sections of the male worm (Fig. 1) . The worms were lying upon, or partially embedded in, the epithelium and submucosa, occasionally causing complete epithelial erosion. Immature as well as mature worms could be identified. All bladders examined by this method were infected with T. crassicauda.
Scanning electron microscopy
Examination of rat bladders by SEM exhibited worms infecting the bladder surface and buried in the stabilized mucus (Fig. 2) . As with (1) The nematode cannot be adequately diagnosed in live rats using urine examination, as the ova are irregularly expelled and only by mature worms. Immature worms can be present in the bladders of 2 month old rats, whereas mature worms may not be recognized until the rats are over 3 months of age (Weisbroth & Scher, 1971) . (2) The worms are transparent and often buried within the mucus. Therefore, the parasite cannot be reliably diagnosed by examination of the bladder mucosal surface, even when viewed under a dissecting microscope.
(3) In paraffin wax sections it is difficult to confirm worm infestation even in heavily infected bladders, as the worms may be lost during fixation, dehydration and embedding (Chapman, 1964) . In this study, we have described two definitive procedures to identify T. crassicauda iRfestation in the rat urinary bladder: the use of frozen sections, stained with acridine orange, and the examination of stabilized bladder mucosa by SEM. In comparison with other diagnostic procedures in current use, these methods have several clear advantages. These are: (i) rapidity, using the cryostat method; (ii) reliability, in that all bladders examined by these methods showed the presence of mature and immature worms; and (iii) earlier diagnosis of infection, as worms can be demonstrated before they mature and start expelling eggs into the urine. An early diagnosis is most advantageous as the colony of rats can be treated promptly (Findon & Miller, 1987) before the infection becomes widespread. The disadvantage of these methods is that the animals have to be killed in order to diagnose the nematode infestation. However, these diagnostic methods are extremely reliable, so only a small number of rats need to be killed to determine whether a colony might be infected.
The , 1986) . The presence of this nematode has also been reported to be associated with the formation of urinary calculi (Chapman, 1964) and to evoke the presence of globule leucocytes in the transitional epithelium of the urinary tract (Kirkman, 1950; Ahlqvist & Kohonen, 1959) . For these reasons, elimination of the parasite from laboratory rat colonies is very important. The new methods described will enable a more rapid and accurate diagnosis in a colony of infected rats, leading to earlier treatment and eradication.
